Introduction
============

Multipotent mesenchymal stromal cells (MSCs) are found in mammalian stromal tissue compartments ([@b1-mmr-19-01-0187]). The umbilical cord, bone marrow and adipose tissue are most commonly used as a source of MSCs ([@b2-mmr-19-01-0187]). The International Society for Cellular Therapy has proposed several criteria ([@b3-mmr-19-01-0187]) to define MSCs based on their plastic adherent growth, subsequent expansion and *in vitro* and *in vivo* differentiation multipotency (osteoblasts, chondrocytes and adipocytes). The phenotypic definition requires the expression of cell surface markers cluster of differentiation (CD)73, CD90 and CD105 in addition to the lack of expression of hematopoietic lineage markers, including CD11b, CD14, CD19, CD34 and CD45, and human leukocyte antigen (HLA)-DR.

The bladder consists of a urothelial layer, the lamina propria, a layer of stromal cells and submucosal, smooth muscle and serous layers ([@b4-mmr-19-01-0187],[@b5-mmr-19-01-0187]). Basal cells, which are a type of stem cells capable of renewing and differentiating into intermediate and superficial cells, exist in the adult urothelium. CD44 is a basal cell surface marker ([@b6-mmr-19-01-0187]) and is also a major surface receptor of hyaluronic acid, which is involved in various cellular functions including cell proliferation, differentiation, migration, presentation of cytokines and chemokines, and signaling for cell survival ([@b7-mmr-19-01-0187]). Studies have demonstrated that MSCs also express CD44 ([@b8-mmr-19-01-0187]--[@b10-mmr-19-01-0187]). However, MSCs have not yet been described in the normal human bladder.

Tissue engineering offers a promising alternative technique for urethral reconstruction. This process involves biodegradable scaffolds that can be used to seed cells to promote bladder reconstruction ([@b11-mmr-19-01-0187]). The present study provided evidence that there is a small number of MSC-like cells in the bladder, which the present study termed 'human bladder-derived MSC-like cells' (hBSCs). Cell culture experiments show that hBSCs can be cultured to a large number of cells. These cells possess the capacity to differentiate into osteogenic, adipogenic and chondrogenic cells. In addition, hBSCs expressed MSC markers. Following induction with appropriate media *in vitro*, hBSCs differentiated into bladder-related cell types. These findings reinforce the understanding of MSCs and may inspire future research on the role of hBSCs in urological tissue engineering applications.

Materials and methods
=====================

### Primary isolation of hBSCs

Human BSCs were isolated from 10 bladder samples collected from seven individuals with urinary bladder cancer (five men and two women; tumor stage, T2-T3; two tissue samples were taken from three of the bladders) ranging between 38 and 65 years of age at Fuzhou General Hospital (between February 2014 and November 2014). These patients had undergone whole bladder removal surgery and the tumors had not spread to adjacent tissues from the site of origin. During bladder resection, the bladder was infused with epirubicin. Normal bladder tissue was cut \>2 cm away from the tumor. Following organ removal, 0.5--0.8 cm^3^ of normal bladder tissue was pulled from the internal face of the bladder. The tissues were stored in antibiotics-containing phosphate-buffered saline (PBS) for ≤2 h prior to isolation. In order to facilitate single cell extraction and reduce epidermal cell contamination, the middle tissue of the bladder was taken. The inner dense mucosa tissue and the outer bladder wall were not included. The tissues were then cut into small pieces. The trimmed tissue was washed three times in PBS containing antibiotics (300 µg/ml penicillin and streptomycin; HyClone; GE Healthcare Life Sciences, Logan, UT, USA) to remove red blood cells, and minced thoroughly using curved scissors. The fragments were reincubated in collagenase solution (1 mg/ml type IV collagen; Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) for 1 h at 37°C. The supernatant containing single cells was transfer to a new centrifuge tube, then centrifuged at 300 × g for 5 min at room temperature. The pellet was resuspended in 10 ml of growth medium for MSCs ([@b12-mmr-19-01-0187]), containing low-glucose Dulbecco\'s modified Eagle\'s medium (DMEM), 10% fetal bovine serum (FBS; HyClone; GE Healthcare Life Sciences), 1% MEM non-essential amino acids (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) and 100 µg/ml penicillin/streptomycin, and plated in a 75-cm^2^ culture flask. After 48 h, non-adherent cells were removed and maintained in a humidified atmosphere of 5% CO~2~ at 37°C. Once the cells achieved 70--80% confluence, they were propagated by trypsinization. All cell isolation steps were carried out following the receipt of informed consent from the patients. The isolation and use of human tissues were approved by the Fuzhou General Hospital IRB (Fuzhou, China) with written consent (no. 2014-012).

### Fluorescence-activated cell sorting (FACS)

As is standard practice at our centers (Fujian Provincial Key Laboratory of Transplant Biology and the Organ Transplant Institute, Fuzhou General Hospital) ([@b13-mmr-19-01-0187],[@b14-mmr-19-01-0187]), cell surface marker analysis was performed. Cultured bladder-derived cells at passages 3 were trypsinized and stained with specific human antibodies labeled for CD11b-phycoerythrin (PE) (cat. no. 557321), CD13-PE (cat. no. 347837), CD14-PE (cat. no. 555398), CD29-PE (cat. no. 555443), CD31-PE (cat. no. 340297), CD34-PE/CD45-fluorescein isothiocyanate (FITC) (cat. no. 341071), CD73-PE (cat. no. 550257), CD90-PE (cat. no. 555596), CD105-PE (cat. no. 560839), HLA-ABC-PE (cat. no. 555553), and HLA-DR-PE (cat. no. 347367) (all 1:100; BD Pharmingen; BD Biosciences, Franklin Lakes, NJ, USA); CD19-PE-cy7 (cat. no. E10328-1633), CD44-PE (cat. no. E01238-1632) (both 1:100; eBioscience; Thermo Fisher Scientific, Inc.); PE-(cat. no. 555749) or PE/FITC-conjugated isotype control antibodies (cat. no. 349526) (1:100; BD Pharmingen; BD Biosciences, Franklin Lakes, NJ, USA) and PE-cy7-conjugated isotype control antibodies (1:100; cat. no. E10143-1633, eBioscience; Thermo Fisher Scientific, Inc.) were used to determine background fluorescence. Following staining, the cells were analyzed using a FACS analytical fluorescence-activated cell sorter (FACSAria II; BD Biosciences).

Differentiation potential of hBSCs
----------------------------------

### Osteogenic induction

hBSCs were seeded at a density of 4,000 cells/cm^2^ in a 6-well culture dish in MSC medium (low-glucose DMEM containing 10% FBS). After 24 h of culture, the media was replaced with StemPro osteogenic supplements (Gibco; Thermo Fisher Scientific, Inc.) for 14 additional days ([@b15-mmr-19-01-0187]). The medium was replaced every two to three days. Osteogenic differentiation was assessed by 0.2% Alizarin red staining at room temperature ([@b16-mmr-19-01-0187]). The cells were observed using an inverted microscope (X81; Olympus Corporation, Tokyo, Japan; magnification, ×100).

### Adipogenic induction

hBSCs were plated at a density of 8,000 cells/cm^2^. After 24 h of culture, the medium was replaced with StemPro adipogenic supplements (Gibco; Thermo Fisher Scientific, Inc.) for 14 additional days ([@b17-mmr-19-01-0187]). Cells were fixed with 4% paraformaldehyde for 15 min at room temperature and stained by Oil Red O (0.5% Oil red O in isopropyl alcohol) for 30 min at room temperature ([@b18-mmr-19-01-0187]). The cells were observed using an inverted microscope (X81; Olympus Corporation; magnification, ×100).

### Chondrogenic induction

Chondrogenic supplements were used to generate a cell solution of 1.6×10^7^ viable cells/ml. To generate micromass cultures, 5-µl droplets of cell solution were seeded in a 6-well culture plate for 2 h. Then 2 ml of StemPro chondrogenic supplements (Gibco; Thermo Fisher Scientific, Inc.) was added ([@b19-mmr-19-01-0187]). After 14 days, cells were fixed with 4% paraformaldehyde for 15 min at room temperature and stained by 1% Alcian blue for 30 min at room temperature ([@b20-mmr-19-01-0187]). The cells were observed using an inverted microscope (X81; Olympus Corporation, Tokyo, Japan; magnification, ×100).

### Urothelial induction

hBSCs were seeded in a plate at 3,000 cells/cm^2^. After 24 h, the medium was replaced for 14 days with a mixture of media containing 49% embryo fibroblast medium (EFM) (Lonza Group, Ltd., Basel, Switzerland) ([@b19-mmr-19-01-0187]) and 49% keratinocyte serum-free medium ([@b21-mmr-19-01-0187]) (Gibco; Thermo Fisher Scientific, Inc.) with 2% FBS and 30 ng/ml epidermal growth factor (Gibco; Thermo Fisher Scientific, Inc.), per the protocol reported by Bharadwaj *et al* ([@b22-mmr-19-01-0187]).

### Endothelial induction

hBSCs were plated at a density of 5,000 cells/cm^2^ and grown for 2 days. Endothelial basal medium (Lonza Group, Ltd.) containing 50 ng/ml vascular endothelial growth factor was used to culture hBSCs for 14 days for induction ([@b22-mmr-19-01-0187]).

### Smooth muscle cell induction

hBSCs were seeded in a 6-well culture plate at 2,000 cells/cm^2^. After 24 h, the media was replaced with smooth muscle differentiation medium containing 45% high-glucose DMEM and 45% EFM with 10% FBS, 2.5 ng/ml transforming growth factor β 1 and 5 ng/ml platelet-derived growth factor-BB (PeproTech, Inc., Rocky Hill, NJ, USA) ([@b22-mmr-19-01-0187]). Cell morphology was evaluated for ≤14 days.

Cells that were continuously cultured in the growth medium were assayed together with the induced cells and used as a negative control for each of the differentiation experiments.

### Reverse transcription-quantitative polymerase chain reaction (RT-qPCR)

Total RNA from each type of induced and non-induced control cell was extracted using TRIzol^®^ (Thermo Fisher Scientific, Inc.), according to the manufacturer\'s protocol. The purity and concentration were detected by spectrophotometer (Nanodrop 2000c; Thermo Fisher Scientific, Inc., Wilmington, DE, USA). cDNA (3 µg) was synthesized by reverse-transcription using a First Strand cDNA Synthesis kit (Fermentas; Thermo Fisher Scientific, Inc.), according to the manufacturer\'s protocol (1 h at 42°C). qPCR was performed with the SYBR Green PCR Master Mix on an ABI 7900 Real-time PCR (Applied Biosystems; Thermo Fisher Scientific, Inc.) and was run for 40 cycles under the following conditions: 94°C for 15 sec, 58°C for 15 sec and 72°C for 30 sec. Specific primer sequences for human alkaline phosphatase, runt-related transcription factor 2 (RUNX2), peroxisome proliferator-activated receptor (PPAR)γ, CCAAT-enhancer-binding protein (C/EBP)α, SRY-Box (Sox)9, collagen II, uroplakin-Ia, cytokeratin (CK)-7, von Willebrand factor (vWF), CD31, desmin, smoothelin and actin are provided in [Table I](#tI-mmr-19-01-0187){ref-type="table"}. Actin was used as an endogenous control. Relative fold-changes in mRNA expression were calculated using the 2^−ΔΔCq^ formula ([@b23-mmr-19-01-0187]). The assay was replicated six times for each sample.

### Immunofluorescence

Differentiated cells were fixed with 4% paraformaldehyde overnight at 4°C, washed with PBS and permeabilized with 1% Triton X-100 in PBS. Cells were blocked with PBS containing 5% bovine serum albumin (Sangon Biotech Co., Ltd., Shanghai, China) and 0.5% Triton X-100 for 30 min at 25°C. The urothelium-specific marker uroplakin-Ia (1:300; cat. no. orb186483; Biorbyt Ltd., Cambridge, UK) was assessed and vWF (1:500; cat. no. ab154193; Abcam, Cambridge, UK) was assessed for endothelial differentiation. The smooth muscle-like cell (SMC)-specific marker desmin (1:500; cat. no. ab32362; Abcam) was used. Antibodies were diluted in blocking buffer and applied to slides overnight at 4°C. The sections were then incubated with Dylight 594-conjugated IgG secondary antibodies (1:100; cat. no. 35560; Thermo Fisher Scientific, Inc.) for 30 min at 37°C and counterstained with DAPI (Sigma-Aldrich, Merck KGaA) for 5 min at room temperature. Slides were analyzed using an epifluorescence microscope (X81; Olympus Corporation; magnification, ×400). Surface marker assays were performed ≥3 times to ensure consistent results.

### Determination of telomerase activity

Cell extracts from 1×10^5^ hBSCs (passage 3) were assayed using a TRAPeze RT Telomerase Detection kit (Merck KGaA), according to the manufacturer\'s protocols. In brief, frozen samples were lysed on ice with the TRAPeze 1X CHAPS lysis buffer (EMD Millipore, Billerica, MA, USA) to release cellular proteins. Telomerase activity was measured with 1 µg of protein lysate using the TRAPeze RT telomerase detection kit (EMD Millipore). Briefly, PCR was performed with a volume of 12.5 µl, including 2.5 µl of 5X TRAPeze RT reaction mixture, 8.8 µl of nuclease-free water, 0.2 µl of Taq polymerase and 1 µl of protein sample. A series of diluted TSR8 control templates was used as a standard curve. The ABI 7900 PCR instrument (Applied Biosystems; Thermo Fisher Scientific, Inc.) was used for PCR amplification. Cycling conditions included one cycle at 30°C for 30 min and 95°C for 2 min, followed by 45 cycles at 94°C for 15 sec, 59°C for 1 min and 45°C for 10 sec. Analyses were performed in triplicate. The log~10~ for each well of each reaction was calculated. In Excel 2016 (MSO, 16.0.4549.1000; Microsoft Corporation, Redmond, WA, USA), different concentrations of TSR8 data points were fitted to a linear regression plot according to the curve fitting option. The linear equation obtained from the data curve fitting is used to infer the enzyme concentration of the experimental sample. Telomerase-positive samples were provided by the kit. CHAPS lysis buffer (EMD Millipore) was used as the negative control. Human bone marrow-derived MSCs (hBM-MSCs, passage 3) and umbilical cord Wharton\'s jelly-derived MSCs (hUC-MSCs, passage 4) were used as control cells for hBSCs. The growth media for hBM-MSCs and hUC-MSCs were similar to that for hBSCs.

### Statistical analysis

SPSS software version 17.0 (SPSS, Inc., Chicago, IL, USA) was used for statistical analysis. Data were expressed as the mean ± standard deviation (SD). Data were analyzed using one- or two-way analysis of variance, followed by Bonferroni\'s multiple comparison tests. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Isolation and expansion of hBSCs

A total of 10 bladder samples were collected from 7 individuals. Following 2 days of culture, 99% of the cells did not attach to plates and non-adherent cells were removed when the medium was replaced with fresh. After 6 days of plating, certain single cells became a cluster of cells that appeared compact and uniform. hBSCs did not exhibit a homogeneous appearance in primary culture. However, these cells became symmetrical, spindle-shaped cells (MSC-like cells) following the first propagation and no epidermal-like cells appeared. This appearance was consistently observed at every subsequent passage ([Fig. 1A](#f1-mmr-19-01-0187){ref-type="fig"}). A high yield of cells was achieved from these cells. In \~2 weeks, the cells were expanded to \~5 million cells in 3, 75-cm^2^ plates at passage 1. Average population doubling time was 28 h in growth medium. These cells demonstrated normal exponential cell growth patterns with a steady increase in number during a 6-day culture period ([Fig. 1B](#f1-mmr-19-01-0187){ref-type="fig"}).

### Cell surface markers

FACS was used to assess cell surface marker expression. All cell lines demonstrated similar results. hBSCs consistently expressed MSC-like cell surface markers (CD13, CD29, CD44, CD73, CD90 and CD105), but not hematopoietic markers (CD11b, CD14, CD19, CD34 and CD45), endothelial cell markers (CD31), or HLA-DR ([Fig. 2](#f2-mmr-19-01-0187){ref-type="fig"}). HLA-ABC was expressed at a lower level. CD44 was expressed in MSCs and considered a cell surface marker for urothelial basal cells ([@b6-mmr-19-01-0187]). In the hBSC populations, CD44 was expressed and its mean expression was high.

### Osteogenic, adipogenic and chondrogenic differentiation capacity of hBSCs

MSCs can be induced to differentiate into osteoblasts, adipocytes and chondrocytes under specific culture conditions ([@b1-mmr-19-01-0187]). In the hBSC populations of the present study, osteogenic differentiation could be induced, as demonstrated by Alizarin red S staining for calcium deposition. Osteogenically-induced hBSCs expressed osteoblastic gene markers alkaline phosphatase and RUNX2 (P\<0.05; [Fig. 3A](#f3-mmr-19-01-0187){ref-type="fig"}; 34.2±2.6-fold and 5.2±1.4-fold, respectively). Adipogenic-differentiated hBSCs were positive for Oil Red O staining. Induction of the adipogenic markers PPARγ and C/EBPα increased in adipogenically-induced cells (P\<0.05; [Fig. 3B](#f3-mmr-19-01-0187){ref-type="fig"}; 3.8±1.1-fold and 17.6±2.3-fold, respectively). Chondrogenic-differentiated hBSCs were examined with Alcian blue staining. Differentiated hBSCs expressed the chondrogenic lineage markers Sox9 and collagen II (P\<0.05; [Fig. 3C](#f3-mmr-19-01-0187){ref-type="fig"}, 13.2±1.8-fold and 3.4±1.6-fold, respectively). These results demonstrated that hBSCs could differentiate into the 3 above-mentioned cell lineages. This differentiation capacity of BSCs was similar to that of MSCs. Therefore, this class of bladder-derived cells were designated as MSC-like cells.

### Differentiation of hBSCs into urothelial, endothelial and smooth muscle cells in vitro

hBSCs demonstrated varying degrees of differentiation potential as presented by positive expression of urothelial, endothelial and SMC lineage-specific markers ([Fig. 4](#f4-mmr-19-01-0187){ref-type="fig"}). Urothelial-differentiated hBSCs became 'rice-grain' shaped ([Fig. 4A](#f4-mmr-19-01-0187){ref-type="fig"}). Immunofluorescence revealed that \~37.4±2.3% of the induced cells expressed the urothelial-specific protein uroplakin-Ia ([Fig. 4B](#f4-mmr-19-01-0187){ref-type="fig"}). Transcripts of uroplakin-Ia and CK-7 were significantly increased in induced hBSCs (P\<0.05; [Fig. 4C](#f4-mmr-19-01-0187){ref-type="fig"}, 5.4±0.6-fold and 7.2±1.1-fold, respectively). Endothelial-differentiated hBSCs became 'cobble-stone' shaped ([Fig. 4A](#f4-mmr-19-01-0187){ref-type="fig"}). Induced hBSCs expressed the endothelial cell-specific protein marker vWF ([Fig. 4B](#f4-mmr-19-01-0187){ref-type="fig"}) and gene transcripts (vWF and CD31) were significantly increased (P\<0.05; [Fig. 4D](#f4-mmr-19-01-0187){ref-type="fig"}; 8.2±1.5-fold and 3.5±0.8-fold, respectively). SMC-differentiated hBSCs became elongated ([Fig. 4A](#f4-mmr-19-01-0187){ref-type="fig"}) and \~84.1±5.2% of the induced cells expressed desmin ([Fig. 4B](#f4-mmr-19-01-0187){ref-type="fig"}). SMC-specific gene transcripts (desmin and myosin) were induced (P\<0.05; [Fig. 4E](#f4-mmr-19-01-0187){ref-type="fig"}; 6.4±1.2-fold and 3.3±0.4-fold, respectively). These data suggested that hBSCs are a potential source for urological tissue reconstruction.

### Telomerase activity of hBSCs

In the present study, telomerase was detected in 10 lines of hBSC samples at passage 4. hBM-MSCs and hUC-MSCs at the same passage were used as controls. [Fig. 5](#f5-mmr-19-01-0187){ref-type="fig"} demonstrates that the average telomerase activity of adult hBSCs was lower compared with hUC-MSCs but higher compared with hBM-MSCs. Telomerase activity is correlated with lifespan and replicative capacity in cell lines ([@b24-mmr-19-01-0187]). In the present study, hBSCs could proliferate for ≤20 generations (data not shown). This is far higher than the proliferative potential of hBM-MSCs, which usually stop growing prior to passage 10 ([@b25-mmr-19-01-0187]). Although the cells can be passaged for \~20 generations, as the number of passages increases, they may still exhibit senescence and be unable to be immortalized.

Discussion
==========

The latest discoveries in urological tissue engineering have demonstrated that bladder regeneration can be achieved using autologous bladder cells ([@b11-mmr-19-01-0187]), embryonic stem cells ([@b26-mmr-19-01-0187]) and several types of MSCs, including those derived from bone marrow ([@b27-mmr-19-01-0187]), skeletal muscle ([@b28-mmr-19-01-0187]) and adipose tissue ([@b29-mmr-19-01-0187]--[@b31-mmr-19-01-0187]). The present study identified that MSC-like cells exist in human bladder tissues. They express MSC surface markers, including CD13, CD29, CD73, CD90, CD105 and CD44, and exhibit telomerase activity. Importantly, these culture-expanded cells possess multipotent differentiation capacity. In addition to osteogenic, adipogenic and chondrogenic cells, hBSCs give rise to multiple lineages that express urothelium, endothelial and smooth muscle cell markers *in vitro*, suggesting that this type of progenitor cells can be planted in the cellular matrix to repair damaged tissues. Identification of the sources of hBSCs may provide a better understanding of their biological role. hBM-MSCs and urothelial basal cells could potentially be the origin of BSCs. The present study provided no evidence to suggest that hBSCs are actually hBM-MSCs. The maximum number of passages for hBM-MSCs is \~10 ([@b24-mmr-19-01-0187]) while for hBSCs, it could reach \~20. The evidence from the current study suggested that hBSCs may originate from urothelial basal cells, as these cells expressed CD44. Since basal cells can self-renew, proliferate and differentiate into intermediate and superficial cells, including umbrella cells, basal cells are referred to as urothelial progenitor cells or stem cells. Perivascular cells are another possible origin of MSCs ([@b32-mmr-19-01-0187]). Human perivascular cells can be sorted from diverse human tissues and long-term culture produces adherent, multilineage progenitor cells with MSC characteristics.

The urothelial, endothelial and SMC differentiation ability of hBSCs was demonstrated by the present study, suggesting that hBSCs can be an alternative to the urological tissue biopsies used in cell therapy. Notably, an advantage to using hBSCs is their expansion property. It was demonstrated that one bladder sample (\~0.5 cm^3^) cultured for 4 weeks would yield a sufficient quantity of cells at below passage 5 for differentiation and tissue engineering. hBSC can be planted on biological materials in the same way as other MSC cells ([@b33-mmr-19-01-0187]) and can be used for tissue damage repair following differentiation.

The adult bladder is composed of the urothelium, lamina propria, muscularis propria and perivesical soft tissues ([@b11-mmr-19-01-0187]). Future studies may attempt to scrape the bladder tissues more precisely to identify the layer that is the main source of hBSCs. In addition, the hBSCs in the present study were obtained from non-carcinoma biopsy of urothelial bladder cancer patients. The interaction between hBSCs and urothelial cancer cells still requires study. The limitation of hBSC applications is mainly in cell acquisition. Autologous tissue cell separation is more traumatic. In view of the evidence that hBSC and MSC are similar and that the expression of HLA class 2 antigen is extremely low, allogeneic cells can be used. However, there is little chance of obtaining normal bladder tissue with informed consent. Donation after Cardiac Death Organ donation may be the way to obtain normal bladder tissue in the future.

In conclusion, the present study highlighted that the progenitor cells in human bladder tissues are MSC-like cells, which possess the capacity to expand and differentiate into multiple cells under directed treatment.
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![Morphology of adherent cells. (A) Morphology of hBSCs with passage. A single line of hBSCs is followed through passage 0 (p0, 2 and 6 days) to p12 (magnification, ×100). (B) hBSC growth curve. The results are representative data from 3 individual experiments. hBSCs, human bladder-derived mesenchymal stromal cells.](MMR-19-01-0187-g00){#f1-mmr-19-01-0187}

![Immunophenotypes of hBSCs. hBSCs at passage 3 were labeled with antibodies against (A) mesenchymal stem cell markers (CD13, CD29, CD73, CD90 and CD105), (B) hematopoietic stem cell markers (CD14, CD19, CD31, CD34 and CD45), (C) HLA-ABC and HLA-DR, and (D) CD44, and then analyzed by fluorescence-activated cell sorting. Representative histograms are demonstrated (purple). The respective isotype control is indicated by a green line. hBSCs, human bladder-derived mesenchymal stromal cells; CD, cluster of differentiation; HLA, human leukocyte antigen.](MMR-19-01-0187-g01){#f2-mmr-19-01-0187}

![hBSCs were induced to differentiate into osteogenic, adipogenic and chondrogenic lineages using specific media cocktails. hBSCs cultured in different induction media were assessed for differentiation into 3 lineages. (A) Osteogenic differentiation, day 14: Alizarin red staining for alkaline phosphatase activity. RT-qPCR analysis for lineage-specific transcripts alkaline phosphatase and RUNX2. Error bars indicate the SD of 6 biological replicates. (B) Adipogenic differentiation, day 14: Oil red O staining for lipid droplets. RT-qPCR analysis for lineage-specific transcripts PPARγ and C/EBPα. Error bars indicate the SD of 6 biological replicates. (C) Chondrogenic differentiation, day 14: Alcian blue staining for glycosaminoglycans. RT-qPCR analysis for lineage-specific transcripts Sox9 and collagen II. Error bars indicate the SD of 6 biological replicates. \*P\<0.05 vs. noninduced-hBSCs. hBSCs, human bladder-derived mesenchymal stromal cells; RUNX2, runt-related transcription factor 2; PPAR, peroxisome proliferator-activated receptor; C/EBP, CCAAT-enhancer-binding protein; Sox, SRY-Box; SD, standard deviation; RT-qPCR, reverse transcription-quantitative polymerase chain reaction.](MMR-19-01-0187-g02){#f3-mmr-19-01-0187}

![hBSCs undergo urothelial, endothelial and smooth myogenic differentiation *in vitro*. (A) Morphology of hBSCs following induction. The results are representative data from 3 individual experiments. Scale bar, 200 µm. (B) Immunofluorescence staining using lineage-specific antibodies was performed to confirm the induction of hBSCs. The results are representative data from 3 individual experiments. Epithelial: Uroplakin-Ia; Endothelial: vWF; and SMC: Desmin. Specific staining is observed in red and nuclei in blue (DAPI). Scale bar, 50 µm. (C) RT-qPCR analysis was performed using urothelial-specific primers (uroplakins-Ia and CK-7). Error bars indicate the standard deviation (SD) of 6 biological replicates. (D) RT-qPCR analysis was performed using endothelial-specific primers (vWF and CD31). Error bars indicate the SD of 6 biological replicates. (E) RT-qPCR analysis was performed using SMC-specific primers (desmin and myosin). Error bars indicate the SD of 6 biological replicates. \*P\<0.05 vs. noninduced-hBSCs. hBSCs, human bladder-derived mesenchymal stromal cells; vWF, von Willebrand factor; SMC, smooth muscle-like cell; RT-qPCR, reverse transcription-quantitative polymerase chain reaction; CK, cytokeratin; CD, cluster of differentiation.](MMR-19-01-0187-g03){#f4-mmr-19-01-0187}

![Telomerase activity in hBSCs. A total of 10 of the hBSCs samples were tested for telomerase activity. The quantitative data are presented as the mean ± standard deviation (n=3 per group). The average telomerase activity of adult hBSCs is indicated by the orange bar. hBM-MSCs: Purple bar; hUC-MSCs: Yellow bar; positive control: Dark gray bar; negative control: Blue bar. hBSCs, human bladder-derived mesenchymal stromal cells; human bone marrow-derived mesenchymal stromal cells; hUC-MSCs; umbilical cord Wharton\'s jelly-derived mesenchymal stromal cells.](MMR-19-01-0187-g04){#f5-mmr-19-01-0187}

###### 

Details of primers used for gene expression analysis and their expected product size.

  Target gene   Forward primer (5′ to 3′)   Reverse primer (5′ to 3′)   Amplicon (bp)
  ------------- --------------------------- --------------------------- ---------------
  *hALP*        CCACGTCTTCACATTTGGTG        AGACTGCGCCTGGTAGTTGT        196
  *hRunx2*      TCTGGCCTTCCACTCTCAGT        GACTGGCGGGGTGTAAGTAA        161
  *hPPARG*      GAGCCCAAGTTTGAGTTTGC        CTGTGAGGACTCAGGGTGGT        198
  *hCEBPA*      TGGACAAGAACAGCAACGAG        TTGTCACTGGTCAGCTCCAG        130
  *hSox9*       AGTACCCGCACTTGCACAAC        CGTTCTTCACCGACTTCCTC        177
  *hCol-2*      TCACGTACACTGCCCTGAAG        CTATGTCCATGGGTGCAATG        126
  *hUPK1A*      GATCACCAAGCAGATGCTGA        CAGTCCATGGGACCAGATGT        123
  *hCK7*        GGCTGAGATCGACAACATCA        GCTTCACGCTCATGAGTTCC        191
  *hvWF*        AGTGTGCCTGCAACTGTGTC        CCACAGGGTAGATGGTGCTT        144
  *hCD31*       GGTTCTGAGGGTGAAGGTGA        TTGCAGCACAATGTCCTCTC          97
  *hDesmin*     CAGTGGCTACCAGGACAACA        CTCAGAACCCCTTTGCTCAG        238
  *hSMTN*       CCTGGTGCACAACTTCTTCC        TACACGCACTTCCAGTCAGG        174
  *hActin*      AGCGAGCATCCCCCAAAGTT        GGGCACGAAGGCTCATCATT        285

RUNX2, runt-related transcription factor 2; PPAR, peroxisome proliferator-activated receptor; C/EBP, CCAAT-enhancer-binding protein; Sox, SRY-Box; ALP, alkaline phosphatase; vWF, von Willebrand factor; CK, cytokeratin; CD, cluster of differentiation; Col-1, collagen; SMTN, smoothelin; UPK1A, uroplakin 1A.
